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ABSTRACT

A soil stabilization index system has been developed to aid military
engineers in selecting the appropriate type and amount of soll stabilizer to
uge in pavement construction. This report contains the index system and the
basis for its development. The index system is entered with easily determined
soll properties and flow charts are followed to arrive at the most suitable
stabilizer. Subsystems containing appropriate tests are used to determine
specific amounts of stabilizers. Use factors, construction factors and
environmental factors are also considered in the decision making process.
Although the index system was based on a comprehensive review of published
information and personal opinions of acknowledged experts in the soil
stabilization field, there were often conflicting viewpoints necessitating
validation of the proposed system. A plan for laboratory validation of the

index system is outlined.
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SECTION I

INTRODUCTION

1. Background

The United States Air Force currently owns over 500 million square
yards of pavement. Runways, taxiways and parking aprons alone have a
total surface area equivalent to a 200 foot wide runway stretching from
the state of Washington to the southern tip of Florida.

These pavements represent nearly 40 percent of all funds spent for
support facilities, and nearly 400 million dollars are spent annually in
maintaining these facilities. This figure would be significantly increased
if it included pavements owned by other branches of the United States
armed forces.

To effectively cope with this substantial pavement inventory, military
engineers involved in maintaining, strengthening and reconstructing existing
pavements, as well as those constructing new pavements, must be aware of any
and all construction alternatives available to reduce construction time,
initial cost and maintenance costs. The attractive engineering and
economic benefits of soil stabilization make it important that this alter-
native be considered.

Stabilizing soils to improve their engineering properties is not new -
it has been practiced for centuries. However, chemical soil stabilization
did not gain widespread acceptance in road and runway construction until

after World War II. With increasing use of stabilization processes during
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the last 2 1/2 decades, voluminous research results have been published
by highway departments, groups representing producers of stabilizing
materials, and various research organizations, to name a few.

Even though a wealth of technical information and data now exists on
soil stabilization, there has been no significant attempt to correlate this
information into a useable system which would classify or index soils with
respect to a) their suitability for stabilization, and b) the most appro-
priate type and amount of stabilizer to use. To further complicate matters
the available data often favor a particular product, and do not include
the worldwide variety of soils which military engineers are likely to en-
counter. This creates a dilemma for the military engineer, who often
lacks extensive training in soil stabilization, who lacks time and equipment
for sophisticated evaluation tests, and who often works in areas where
there are no previous records regarding feasibility of soil stabilization.

To alleviate this problem, the U, S. Air Force Weapons Laboratory (AFWL)
has embarked on an extensive research program covering many aspects of soil
stabilization. Initial research involved the determination of the basic
physico-chemical properties of soils which influence their response to
stabilization. Next, the Air Force sponsored a research project at Texas
ASM University aimed at developing a soil stabilization index system. The
ultimate objective of the index system is to determine a soil's suitability
for stabilization and to indicate the most appropriate type and amount of
stabilizer. The index system should contain all useful knowledge on soil
stabilization arranged in such a form that it can be effectively used even
by engineers who are not trained in stabilization techniques. Of necessity,
the stabilization index system should not only consider those relevant soil

properties that influence soil stabilization, but should also take into
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account such factors as:
. a8. urgency of consprucgipn
b. 1location of the stabilized layer in the pav;ment
c. type of construction equipment available or needed

d. influence of the environment on the stabilized layer

2. Scope of Report

It was specified that tﬁe soil stabilization index system be developed
in two consecutive phases: Phase I was tc be the establishment of the index
system based on existing knowledge; Phase II was to be devoted to filling in
the voids in knowledge and validating the index system by appropriate
testing.

This report is concerned primarily with Phase I of the research. 1In
particular, this report contains the index system and detailed justification
for the establishment of the system. It is not intended as a complete text
or manual, although, by the use of appropriate appendices, it may serve as
such,

During the accomplishment of Phase I of the research, many gaps in
knowledge were identified which will reduce the reliability of the index
system for use in the field. 1In this report the more critical gaps have
been identified for study in Phase II of the research program. 1In addition,
a test program for validation of the index system is outlined.

Finally, several comments and recommendations are made pertaining to
the overall Air Force soil stabilization program. For the most part, this

information was also uncovered during accomplishment of Phase I.



SECTION II

THE AIR FORCE STABILIZATION SYSTEM

1. Objectives

One of the Air Force objectives is to develop a systematic approach to
soil stabilization. When stabilization is used in a structural element of a
road or runway, it then encompasses the larger overall problem of pavement
design., It is not within the scope of this project to consider the pa&ement
design problem as such. However, a brief discussion of how stabilization
interacts with pavement design is warranted.

An engineer faced with designing a pavement must first assess the load-
carrying capacity of the existing subgrade. The Air Force presently specifies
the CBR method of strength determination and uses this as a design method also.
Depending on the subgrade CBR, it can be determined how much overlying material
of higher quality must be used hased on ;he type of traffic anticipated and
the 1life of the facility. This is basically a structural design problem, but
there may be other overriding factors - such as frost penetration - that will
influence the thickness of overlying material.

At this point the engineer may consider stabilization. Whether to
stabilize the subgrade, the overlying material, or both, is a decision which
must be made. The military engineer must base his decision on many factors
including economy, availability of stabilizer and speed of construction. It
is here that the index system should assist the engineer. He should be able
to use the index system as a guide to tell him what kiad of stabilization to

4
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use and how much stabilizer he should use. Certain soils are not amenable
to stabilization and the index system should be capable of relaying this
information to the engineer. Other circumstances, e.g., climatic conditions,
lack of appropriate equipment, etc., may also rule out the possibility of
stabilization. Again, the index system should provide this information.
However, the engineer should not be under the illusion that the index system,
in its present state of development, will provide design curves or other
information of a structural design nature.

It is of utmost importance for the engineer to realize that the index
system is not a substitute for proper pavement design and that stabilization

is not a panacea for all pavement problems.

2. Processes of Soil Stabilization

Stabilization has been defined by Lambe (1)* as 'the alteration of any
property of a soil to improve its engineering performance."

In recent years, the term modified has been used to indicate that gen-
eral soil properties have been improved without appreciable gains in strength,
whereas, stabilized has been reserved for cases where definite strength gains
are apparent, Although the term, modified, has not been universally accepted
(some engineers consider that an improvement in any characteristic, not
necessarily strength, constitutes stabilization), nevertheless, it is a
convenient definition to use and will be adopted in this report.

The primary stabilization methods are:

a. chemical stabilization

b. mechanical stabilization

*Numbers in parenthesis refer to References.
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Chemical stabilization, as the name implies, is the use of certain
chemical additives which are mixed into the soil to change the surface
molecular properties of the soil grains and, in some cases, to cement the
grains together resulting in strength increases.

By far the largest volume of chemical stabilizers used throughout the
world are lime, cement and bitumens. Many other additives have been used,
some by themselves and some in conjunction with the three major ones listed
above. However, none of the many other stabilizers available have gained
universal acceptance and significant background inforﬁation on their ap-
plicability is lacking. Thus, the index system at present will be concerned
only with the three major stabilizers, i.e., lime, cement and bitumens.

Mechanical stabilization may be accomplished by:

a. changing the gradation of the soil by the addition or

removal of particles

b. densifying or compacting the soil
Soil compaction represents one of the most economical methods of stabilization.
In addition to its separate use, proper compaction is also required with soils

which have been chemically stabilized.

3. Air Force Soil Stabilization System

The overall systematic approach to the Air Force Soil Stabilization
Index System is shown in Figure 1. The development of this general .icheme is
discussed below.

a. Type of Stabilization

When stabilization is to be used, it 1s then necessary to decide
whether mechanical stabilization alone will suffice, or whether it will

be necessary to utilize chemical stabilization. In addition to the
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pavement design aspects which must be considered, the engineer must
often weigh the economic gain obtained by mechanical stabilization
against that obtained by the addition of chemicals. From the military
aspect, time of construction may well override all other factors and
could be the sole reason for choosing one stabilization method over
another,

b. Use Factors

To be of most benefit, the index system should recognize the two
significantly different uses for which it may be applied, i.e., Zone of
Interior construction and Theater of Operations construction. More
importantly, under the present mobility concept of the Air Force, it
should be particularly suitable for hasty, forward airfield construction.
For this reason, the index system was divided into two construction
categories as follows (refer to Figure 1):

1. Expedient construction

2, Nonexpedient construction
Expedient is considered to be a short life, high risk situation in which
a limited construction and materials testing capability exists, and time
is of the essence. Nonexpedient is considered to be all other situations.
The tests used for establishing type and amount of stabilizer used in
expedient operations are the rapid, unsophisticated type, whereas the
more conventional tests are utilized in nonexpedient construction.

In certain nonexpedient, permanent construction situations (such as
might occur in the Zone of Interior) there is usually an unlimited
testing capability. Then, it may be desirable to consider chemical
stabilizers other than those presently considered in the index system

and conduct a more thorough laboratory evaluation. In such a situation,
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the index system will provide a starting point for the investigation.

Figure 1 shows another way in which use factors are entered into
the index system by specifying different subsystems for subgrade ind
hase course stabilization. Subbases are not considered, but they may
fall either in the subgrade or base course subsystems depending on the
material type and desired strength characteristics.

It should be noted that the index system is presently limited to
stabilization for structural elements of roads and runways. It does
not include, for example, use of dust palliatives, erosion control, etc.
c. Basic Soil Parameters

These are the soil properties that influence the response of the
soil to stabilization., They are not shown directly on Figure 1, but
they enter into each of the subsystems which are discussed later. Un-
doubtedly, all of the parameters that influence stabilization are not
included and, in fact, they may never be known.* However, those in-
cluded are considered to be the most important with the present state of
knowledge and are among the easier parameters to obtain. They are:

1. Gradation, particularly the percent finer than 0.074 mm

(#200 sieve), 0.05 mm and 0.005 mm

2. Plasticity index

3. pH

4, Sulfate content

5. Organic content

*The work referred to in Section I regarding basic physico-chemical
properties was not completed at the time this report was written. Pre-
liminary indications are that most of them are included in one form or
another,



Other important parameters are expected to be forthcoming, and they will
be incorporated into the index system as seen fit.
d. Environmental Factors

These are factors that might influence the ultimate suitability and
durability of the stabilized soil. Again, they are not shown directly
in Figure 1, but are included in the various subsystems. They are based
primarily on climatological effects and not on the total environment
(which might also include such factors as wheel load and number of
repetitions). Both rainfall and temperature must be considered since -
either can significantly influence the type and amount of stabilizer
used.
e, Construction Factors

Military engineers faced with hasty construction in the Theater of .
Operations usually are faced with limited equipment also. Knowledge of
the type of equipment required for a certain stabilization task may
prove to be a valuable planning tool, not only in anticipating the type
of equipment necessary to perform a stabilization task, but also in
eliminating the use of a particular stabilizer i{f adequate equipment
and time are not available.
f. Pavement Design

As discussed earlier, an important aspect of soil stabilization
involves the design of the pavement cross section using stabilized
materials. Under the present CBR design scheme, this is a fairly
straightforward process if mechanical stabilization is used, there
being no chanmc in the basic design process. However, if chemical
stabilization is used, the problem becomes more complex. Not only do

the various use factors, environmental factors and construction factors
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enter into play, but there is also the problem of evaluating the
physical characteristics of the stabilized material. Thus, there is a
continual interchange between pavement design and the total soil
stabilization index system.
g. Field Performance Requirements for Stabilized Soils

The desired performance of the stabilized soils must be established
by the Air Force. In most cases, this will be developed based on
anticipated life of the structure and allowable time for construction.
Examples of this information include the recently developed mobility
concepts and various other operational requirements which have been
developed by the Air Force.
h. Field Evaluation

The verification of the index system for soil stabilization must
ultimately come from the user, i.e., the Air Force and its military
partners, On pavement projects where stabilization has beén used,
adequate construction records and follow-up evaluations will be

absolutely necessary to verify the adequacy of the stabilized sections.

Continual evaluations of stabilized sections which are already in

place (such as the work being done by the Corps of Engineers at
the Waterways Experiment Station) will also aid in evaluating the
ultimate performance of the index system.

The remainder of this report is devoted to the development and justi~

fication of the soil stabilization index system. Greatest emphasis is

placed on development of systems and subsystems for chemical stabilization,

since it is here that the greatest confusion exists. Detailed systems and

subsystems for mechanical stabilization, which, in reality, represent the
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more common approach to the problem, are not presented. However, the
information necessary to make an engineering judgment as to whether
chemical or mechanical stabilization should be used is presented, and
guidelines to insure the success of a mechanical stabilization program
are also presented in the appropriate places in the report. It is antici-
pated that eventually it will be possible to provide subsystems for the

full range of mechanical stabilization procedures.
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SECTION III

SELECTION OF CRITERIA FGR THE BASIS OF

THE CHEMICAL SOIL STABILIZATION INDEX SYSTEM

1. Introduction

This section of the report will present criteria for the basis of the
chemical soil stabilization system whereas Section VIT will present criteria
for the mechanical stabilization system. Criteria will be reviewed which
define the particular types of soils which will most readily be stabilized
by each stabilizer (lime, cement and bituminous materials), and further, will
allow the engineer to determine the amount of stabilizer that is required to
provide the specified improvement.

Several general guides have been published which assist the engineer in
the proper selection of a stabilizer for a particular soil. For example,
Air Force Manual AFM 88-51 (2) contains information which suggests that lime
is a more appropriate stabilizer for highly plastic clay soils while asphalt
should be used only for the coarse and fine granular soils (Table 1). More
detailed guides such as those published by the Air Force (Table 2) and by
Johnson (3) suggest stabilization methods for particular soil types based on
both their location in the pavement structure and the purpose or function of
their use (load carrying characteristics, waterproofing, etc.). Although
these guides do not quantitatively indicate soil types for particular
stabilizers, they do indicate the importance of recognizing the purpose of

the use of the stabilizer in a particular location within the pavement
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TABLE 1

MOST EFFECTIVE STABILIZATION METHODS

FOR USE WITH DIFFERENT SOIL TYPES

Soil Type Most Effective Stabilization Methods

1., Coarse granular soils Mechanical blending, soil-asphalt,
soil-cement, lime-flyash

2. Fine granular soils Mechanical blending, portland cement
stabilization, lime-flyash, soil-
asphalt, chlorides

3. Clays of low plasticity Compaction, portland cement stabili-
zation, chemical waterproofers, lime
modification

4. Clays of high plasticity Lime stabilization

[after U. S§. Air Force (2)]
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TABLE 2

SOIL TYPES AND STABILIZATION METHODS
WHICH APPEAR BEST SUITED FOR SPECIFIC APPLICATIONS

Furpose

Soil Typ»

Recommended

Stabilization Mettnds

Subgrade Stabilization

A. Improved load carrying
and stress distributing
characteristics

Coarse granular

=

SA, SC, MB, C

Fine granular

SA, SC, MB, C

Clays of low PI1

C, SC, CMS, IMS, SL

Clays of high PI

SL, LMS

B. Reduce Frost
susceptibility

Fine granular

CMS, SA, SC, LF

Clays of low PT

CMS, sC, SL, CW, LMS

I RN T _.v‘“'dz‘»" e

C. Waterproofing and
improved runoff

Clays of low PI

CMS, SA, CwWw, LMS, SL

D. Control of shrinkage
and swell

Clays of low PI

CMS, SC, CW, C, LMS, SL

Clays of high Pl

SL

E. Reduce resiliency Clays of high PI SL, LMS
Elastic silts and clays SC, CMS

Y ———

P. Base Course Stabilization
A. Improvement of sub- Fine granular SC, SA, LF, MB
standard materials Clays of low PI SC, SL
B. Improved load carrying Coarse granular 5A, SC, MB, LF
and stress distributing |Fine granular SC, SA, LF, MB
characteristics
C. Reduction of pumping Fine granular SC, SA, LF, MB, membranes
3. Shoulders (unsurfaced)
A. Improved load carrying See Section 1A above,
ability All solils Also MB
B. Improved durability All soils See section 1A above
C. Waterproofing and
improved runoff Plastic soils CMS, SL, CW, LMS
D. Control of shrinkage
- and swell Plastic soils See section 1lE above
4., Dust Palliative Fine granular CMS, CL, SA, oil or
bituminous surface spray
Plastic soils CL, CMS, SL, LMS
5. Ditch Lining Fine granular PSC, CS, SA
Plastic soils PSC, CS
6. Patching and Reconstruction Granular soils SC, SA, LF, MB
KEY:
C Compaction CW Chemical Waterproofers PSC Plastic Soil Cement
CMS Cement Modified Soil LF Lime Flyash SA Soil Asphalt
CL Chlorides LMS Lime Modified Soil SC Soil Cement
CS Chemical Solidifiers MB Mechanical Blending SL Soil Lime

(after U. S. Air Force (2)]
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structure.

Since general guides to soil stabilization have indicated that both the
purpose and the location in the pavement structure are important criteria
for a soil stabilization index system, and since the Air Force desires an
index system for both expedient and nonexpedient facilities, several
appropriate systems will be developed. The first system will be developed
to satisfy the Air Force requirement for expedient construction while the
second, the nonexpedient system, will be developed for use where laboratory
equipment and sufficieut time are available for a more detailed analysis of
the soil-stabilizer mixture. The major subsystems of the soil stabilization
system as described previously are shown in Figure 1. As noted in this
figure, a further separation of subgrade and base course has been included

for both the expedient and nonexpedient soil stabilization systems.

2. Existing Guides for Selecting Stabilizing Agents

A gradation triangle, Figure 2, is being utilized by the Army and Air
Force (4) to assist the engineer in the proper selection of stabilizers.
This method makes use of the following soil index properties to determine the
proper type of stabilizer:

a. percent material! retained on No. 4 sieve

b. percent material passing No. 200 sieve

¢. percent material passing No. 4 sieve and retained on No. 200 sieve

d. Atterberg limits

As noted, the gradation triangle allows soils to be separated into
selected areas. The Unified Soil Classification System is then used to
further classify the soil, and appropriate Atterberg limit and gradation
restrictions are applied for the particular stabilizers,

16
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Oglesby and Hewes (5) have presented a method of determining stabilizer
types which was modified after the original work of the Division of Physical
Research, Bureau of Public Roads (Figure 3). This method utilizes the
plasticity index (P.I.) and percent passing the No. 200 sieve together with
the American Association of State Highway Officials (AASHO) Soil Classifi- E

cation System for the purpose of stabilizer selection,.

3. Criteria for Lime Stabilization

Experience has shown that lime will react with all medium, moderately
fine, and fine grained soils to decrease plasticity, increase workability,
reduce swell, and increase strength (6). Generally speaking, those soils
classified by AASHO as A-4, A-5, A-6, A-7 and some of the A-2-7 and A-2-6
soils are most readily susceptible to stabilization with lime. Soils
classified according to the Unified System as CH, CL, MH, ML, SC, SM, GC,

GM, SW-SC, SP-SC, SM-SC, GW-GC, GP-GC and GM-GC should be considered as
potentially capable of being stabilized with lime. Conversion from these
classifications to other soil classifications and strength indicators can be
accomplished by the use of Figure 4 (7).

Robnett and Thompson (6), based on experience gained with Illinois soils,
have indicated that lime may be an effective stabilizer with clay contents
(<2u) as low as 7 percent, and furthermore soils with a P.I. as low as 8 can
be satisfactorily stabilized with lime (8). Air Force criteria presented in
Figure 2 indicate that the P.I. should be greater than 12, while represent-
atives of the National Lime Association (NLA) (9) indicate that a P.I. greater
than 10 would be a reasonable criteria to utilize. Presumably, these
experiences reflect the fact that lower plasticity soils have insufficient .

reactive components to produce worthwhile benefits. .
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FIGURE 3. Suggested stabilizing admixtures
suitable for use with soils, as

indicated by plasticity index and

anount passing No, 200 sieve.

(Source: Div. of Physical Research,

Bureau of Public Roads, slightly
modified).

[after Oglesby & Hewes (5)]
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FIGURE 4,
and bearing values,

Approximate interrelationships of soil classifications

[after Portland Cement Association (7))
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4, Criteria for Cement Stabilization

The Portland Cement Association (PCA) (10, 11) indicates that all types
of soils can be stabilized with cement*. However, well-graded granular
materials that possess a floating aggregate matrix (an aggregate system with
the voids in the + No. 200 material overfilled with fines) have given the
best results. Suggested gradings to meet this floating aggregate matrix
concept should fall within the band specified in Table 3 (12).

Limits on the plasticity index have been established by the Air Force as
shown in Figure 2 and summarized in Table 4 for different types of soils. As
noted, the P.I., should be less than 30 for the sandy and gravelly materials
while the P.I. should be less than 20 for the fine grained soils. This
limitation is necessary to insure proper mixing of the stabilizer. A minimum
of 45 percent by weight passing the No. 4 sieve has been indicated as an
additional requirement for coarse granular materials.

Information developed by the Bureau of Public Roads (Figure 3) (5)
indicates that cement should be used as a stabilizer for materials with
less than 35 percent passing the No. 200 sieve and with a P.I, less than 20.
Thus this system implies that AASHO classified A-2 and A-3 soils can be best
stabilized by cement while A-4, A-5, A-6 and A-7 soils can be best stabilized

by lime.

5. Criteria for Bituminous Stabilization

The majority of bituminous soil stabilization has been performed with
asphalt cement, cutback asphalt and asphalt emulsion. Current design and

construction trends, particularly in the state highway departments, have

*Cement will be used herein to imply portland cement.
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TABLE 3

GRADING LIMITS FOR CEMENT STABILIZATION

OF WELL GRADED GRANULAR MATERTALS

Sieve Size

Limits

Passing No. 4

>

55 percent

Passing No. 10

> 35 percent

Passing No. 10,
retained No. 200

v

25 percent

[after Portland Cement Association (12)]

TABLE 4

ATTERBERG LIMIT REQUIREMENTS FOR CEMENT STABILIZED SOILS

Soil Classification Atterberg Limit
(Unified Soil Clas- Requirement
sification System)
Sp-SM, Sw-SM, SW-SC, SP-SC P.I. < 30
GW-GM, GP-GM, GW-GC
GP-GC
SM, SC, SM-SC ‘ (50 - fines content)
GM, GC, GM-GC P.I, 520+ 7
CH, CL L.L. < 40
MH, ML P.I., < 20
OH, OL
ML-CL

[after U. S. Air Force (4)]
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indicated that stabilization of base courses with asphalt cements is by far
the most popular form of bituminous stabilization (13). In general, those
materials which are most effectively stabilized with asphalt cement have
lower percentages of fines than those materials which have been stabilized
with cutback asphalt and emulsion.

Some of the earliest criteria for bituminous stabilization were developed
by the Highway Research Board Committee on Soil-Bituminous Roads. These
criteria were revised and published by Winterkorn (14) and appear in Table 5.
The American Road Builders Association (15) made similar recommendations and
these are shown in Table 6.

The Asphalt Institute (16) grading and plasticity requirements for
bituminous base course specifications require:

a. less than 25 percent passing the No. 200 sieve

b. sand equivalent not less than 25

c. plasticity index less than 6

Herrin has presented (17) and revised (18) a table (Table 7) recommending
suitable soils for stabilization by bituminous materials. Contained in this
table are recommendations on the suitability of various soils with certain
percentages of minus No. 200 material, and certain liquid limit and plasticity
index ranges.

Certain limits have been developed by the Asphalt Institute's Pacific
Coast Division, Chevron Asphalt Company and Douglas 0il Company for emulsion
treated materials., The requirements recommended by the Asphalt Institute (19)
(Table 8) suggest that the percent of minus No. 200 material should be in a
range of 3-15 percent, the plasticity index should be less than 6, and the
product of the plasticity index and the percent passing the No. 200 sieve

should not exceed 60. The Chevron Asphalt Company (20) has presented
23



TABLE 5

TYPES OF SOLL BITUMEN AND CHARACTERISTICS OF SOILS

EMPIRICALLY FOUND SULTABLE FOK THEIR MANUFACTURE

Sieve Soil Sand Waterproofed Granular
Analysis Bitumen, + Bitumen, Stabilization, 7%
% 4
Passing: A B C
1 1/2-1n. 000 100
1-in. ¥ 80-100 100
3/4-in. 65-85 80-100 100
No. 4 >50 100 40-65 50-75 80-100
No. 10 0 25-50 40-60 60-80
No. 40 35-100 15-30 20-35 30-50
No. 100 000G 10-20 13-23 20-35
No. 200 10-50 <12; <25 § || 8-12 10-16 13-30
Characteristics of Fraction Passing No. 40 Sieve
Liquid limit <40
Plasticity index <18 . <10; <15 <10; <15 <10; <15 %

Field moisture equiv.

Linear shrinkage

<20 §

“5 4

+ Proper or general.

Maximum size not larger than 1/3 of layer thickness; if compacted in several
layers, not larger than thickness of one layer.

§ Lower values for wide and higher values for narrow gradation band of sand. If
more than 12% passes, restrictions are placed as indicated on field moisture

equivalent and linear shrinkage.

|| A certain percentage of ~200 or filler material is indirectly required to pass

supplementary stability test.

[after Winterkorn (14)]
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TABLE 6
GRADING AND PLASTICITY REQUIREMENTS

FOR SOIL-BITUMEN MIXTURES

Sieve Size ~ Percent Passing
No. 40 50 - 100
No. 200 0- 35

Atterberg Limits Maximum Value
Liquid limit 30
Plasticity index 10

[after American Road Builders Association (15)]
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ENGINEERING PROPERTIES OF MATERIALS

TABLE 7

SUITABLE FOR BITUMINOUS STABILIZATION

unusable - > 12-15

X Pgi:tzg Sand-Bitumen Soil-Bitumen Sand-Gravel-Bitumen
1-1/2" 100
1.2 100
3/4" 60-100
No. 4 50-100 50-100 35-100
10 40-100
40 35-100 13-50
100 8-35
200 5-12 good - 3-20
fair - 0-3 and 20-30 0-12
poor - > 30
Liquid Limit good - < 20
fair - 20-30
poor - 30-40
unusable - > 40
[Plasticity Index < 10 good - 5
fair - 5-9
poor - 9-15 <10

Includes slight modifications later made by Herrin.

[after Herrin (17)]
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TABLE 8

GRADING, PLASTICITY AND ABRASION REQUIREMENTS FOR

SOILS SUITABLE FOR EMULSIFIED ASPHALT TREATED BASE COURSE

Percent Passing by Weight

Sieve Size 2 inch maximum 1-1/2 inch 3/4 inch

maximum maximum
2-1/2 inch 100
2 inch 90-100 100
1-1/2 inch 90-100
1 inch 100
3/4 inch 50-80 50-80 80-100
No. 4 25-50 25-50 25-50
No. 200 3-15 3-15 3-15

Other Requirements

a. Ydaaticity Index 6 maximum
b. Resistance Value 75 minimum
c. Loss in Los Angeles
Abrasion Machine 50 percent maximum

d. Product of Plasticity Index and the
percent passing the No. 200 sieve shall
not exceed 60.

[after The Asphalt Institute, Pacific Division (19)]
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criteria (Table 9) which indicate that the California sand equivalent test
should be used as a measure of the plasticity requirements for the soil
and should have a minimum value of 30. Up to 25 percent passing the

No. 200 sieve is allowed for the material identified as silty sand.

Dunning and Turner (21) of the Douglas 0il Company have presented
guidelines for emulsion stabilization as shown in Table 10.

Materials Research and Development, Inc. of Oakland, California, has
recently published a guide for asphalt stabilization for the U. S. Navy (22)
in which criteria recommended by the Asphalt Institute and Chevron Asphalt
Company have been utilized. This guide recommends that the maximum amount
passing the No. 200 sieve should be less than 25 percent, the plasticity
index less than 6, sand equivalent more than 30, and the product of the
plasticity index and the percent passing the No. 200 sieve less than 72 in
all cases. These criteria apply when both cutback asphalt and emulsified
asphalt are used as soil stabilizers. The grading requirements (Table 11)
for sands and semi-processed materials are identical to those recommended
in Table 9 by Chevron Asphalt Company.

Grading requirements for materials to be stabilized with asphalt cement
in a central plant have not been adequately defined. In general, those
materials that are specified as suitable for asphalt concrete surface courses
are more than adequate for base courses. Most asphalt treated base course
specifications, however, will allow a larger maximum size of aggregate and
the grading band is not as restrictive. A recent review of state highway
specifications gives detailed information on these grading bands (13). For
example, Texas (23) and California (24) have grading specifications as shown
in Table 12, In addition, Texas specifies a maximum liquid limit of 35 and

a maximum plasticity index of 6. The majority of the state highway depart-

28



[(02) °0D 3TeBYUdSY uoaaay) 1933e]

9/1-1 pue 'G/L-1 ‘pLL-1 OHSVV 239G,
WNoY ysnid 9,G¢ ISEI| 1B dAey ISNIN,

6 I14VL

(suonnjonas Qs J19ye)
XeN 09 = - — ‘XeN 0§ LEL-O 19j)jey
s9|abuy S0 ul $SO
anjeA Y
‘UIN 09 ‘UIN 09 "UIN 09 ‘UIN 09 UNN 82 = aduejsisay pajeanun
— — dN dN — vev-a xapu| Ayonseld
‘UIN 0€ ‘UIN 0 ‘UIN 0OF ‘UIN o ‘UIN OE 6L¥e-a % ‘luajeAainb3y pueg
SL-€ Gc-¢ct cL-S cl-0 cl-v 00c
=== G9-Gl — — 8L-G 00!}
—_ — 0€-Si s Gc-L 0s
— — GL-GE == 0e-Si 9€L-0 91
G68-G¢ 00L-SL 001-SL 001-GL 09-0¢ vy #
- 0ol 00t (0]0] 8 - tw\u
- 06-S9 '
001-08 001-06 «l bBuissed %
00t oot «% L ‘uoljepeln
sajebaibby spueg papein papein so1eba166y POYIBW
uny jueg Ans 11BM Apood papeis 1561 fioBares
10 3id ...ch?_o asuag W1SVY
pPass900.id-1wasg SANVS 1P9SSad04d
SLTVHASV QIIJISTAWE STARNLIE HLIM INIWLVINI Y04 TIGVIINS SALVOTIOOV TVOIdAL

29



TABLE 10

GUIDELINES FOR EMULSIFIED ASPHALT STABILIZATION

Test Requirements

Good Fair Poor
% passing No. 200 sieve 3-20 0 -3, 20 -30 >30
Sand Equivalent >25 15 - 25 <15
Plasticity Index <5 5 -1 > 7
[after Dunning and Turner (21)]

TABLE 11

GRADING REQUIREMENTS FOR SANDY AND SEMI-PROCESSED MATERIALS
Percent passing sieve for soils that are:
Sieve
Siz Poorly-graded Well-graded Silty Semi-
e
sands sands sands processed*

11/2" - -- - 100
1" - - - 80 - 100
3/4" - - - -
1/2" 100 100 100 -
ith 75 - 100 75 - 100 75 - 100 25 - 85
#16 - 35 - 75 - -
#50 - 15 - 30 - -
#100 - - 15 - 65 -—
#200 0 -25 5-12 12 - 25 3-15

*Semi-processed crusher, pit, or bank-run aggregates.

[after U. S. Navy (22)]
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! 3
4
TABLE 12 ’
% TYPICAL ASPHALT CEMENT TREATED BASE COURSE REQUIREMENT
i.-' Percent Passing by Weight ;
. L L California Texas !
) 1 3/4 inch 97-100

1 1/4 inch 100 :

1 inch 95-100

3/4 inch 80-95
5 3/8 inch 50-65 ,_
No. 4 35~50 ;
No. 10 30-55 f
No. 30 12-25 ;
No. 200 2-7 é

[after references 23 and 24]




ments recommended 12 percent or less passing the No. 200 sieve.

Air Force recommendations for gradings of materials suitable for asphalt
cement treated base course are shown in Table 13 (25). Although gradations
6, 7, 8 and 9 are specifically recommended, it is believed that all gradations
are practical, provided they are economically feasible,

Materials that are suitable for bituminous treatment include AASHO
classified A-1-a, A~1-b, A-2-4, A-2-6, A-3, A-4 and low plasticity A-6
soils (26), and soils classified by the Unified Classification System as SW,
SP, Sw-SM, SP-SM, sw-sc, Sp-SC, SM, SC, SM-SC, GW, GP, GW-GM, GP~-GM, GW-GC,

- GP-GC, GM, GC and GM-GC provided certain plasticity and grading requirements
are met.

If the plasticity index or the percent passihg the No. 200 sieve exceeds
the values cited above, then experience shows that the intimate mixing of the

bitumen and soil necessary for satisfactory stabilization is nearly impossible.

6. Criteria for Combination Stabilization

Combination stabilization is herein defined specifically as lime-cement or
lime-bituminous combinations. The purpose of using combination stabilizers is
to reduce plasticity and increase workability with lime so that the soil may
be effectively stabilized with the secondary stabilizer.

Robnett and Thompson (26) have reviewed the literature and have sug-
gested that soils which may be treated by these combination stabilizers are
AASHO classified A-6 and A-7 soils and certain A-4 and A-5 soils (6)

The advantages of using lime in certain bituminous stabilization con-
struction operations have been alluded to in references 27, 28 and 29.

Most importantly, the additioa of lime may prevent the stripping of asphalts
from certain aggregates and thus make the mix more nearly waterproof.
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TABLE 13

AGGREGATE GRADATION SPECIFICATION LIMITS FOR BITUMINOUS PAVEMENTS

Bleve
Desigmation

(8quare Percentage by Weight (Passi
Openings) —I-T75-Tn. Faximm T.In. Faxizm ‘_‘jﬁ:ﬁ) 1/2-1n. Faxinm 3/8-1n. Haximm

Surface Course
Oredation 1 Gradation 2 Cradation Gradation b Gradation 5
. c . ) ¢ 1y b T s D) ¢ s b ¢
1.1/2-1n. 100 100 100 ee- - -
1.1n. 79-95 83-96 86-98 100 100 100 .ee o0 oo
3/%-1n. . ena «-a B80-95 84.96 90-98 100 100 100 cee eee  eee
1/2-1n. 6175 66-79 T1-84 68-86 Th-B9 7993 80-95 Bu-96 87-98 100 100 100  eee  cem  -e-
3/8-1n. eee =ee .ee === —-- -ee —ae .- -ea  79-94 B81.95 86-96 100 100 100
Fo. & 2.5k U48-60 5466 U5-60 52-68 60.75 55-70 61Tk  67.80 59.73 6480 7T2.85 75.95 78.95 80.95
No. 10 3143 37-49  b3-55 3247 39-54  47-62 U054 4660 Sk-66 M43.5T 50-6k 57-70 $56.76 60- 62-84
No. 40 16-25 20-29 25.3h 16.26 21.32 26-37 22-31 26-35 31.k0 23-33 27-37 31.k2 26.bk 29.47 32-50
No. 80 10.17 12-19 15-22 10.18 13.21 15.24 12.20 15.23 19.26 13.20 16.23 19.26 14.28 16-30 18.32
No. 200% 3-6 3.5-6.5 -7 3.7 3.5-7.5 L8 3.7 3.5-7.5 L8 b8 48 LB 5.9 6.0 71-1
Binder Course
Oradation 6 Gradation 7 Gredation 8 Gradetion 9
e e o b ¢ e b [ [ [) ¢
1-1/2-1n. 100 100 100 e eee cee
1.in, 73.95 T15-95 79-95 100 100 100 == o0 e==
3/4-1n. —e- ae -  T2-95 75-95 61.96 100 100 100 coc e eee
1/2-1n. 55-73 59-T7 62-80 61.82 65.85 69-89 70-95 T&-95 7T7-95 100 100 100
3/8-1n. e .ne eee oee --- --e 6080 6484 68.88 T1-95 75.95 718.95
No. b 35-51  39-55 42.58 38-54 M3.59 U4B-66 L2.60 K7-65 52.70 50-T1 5k.75 59-80
Mo, 10 23.38  27-b2 3146 25.41  29.45 3450 28.46 33-51 36-5h 32.53 36.57 k1.62
No. 40 11.21  13.23  15.25 12.23 1k.25 17-28 1L.26 16-28 18.30 16.29 18.31 21.34
No. 80 6-14 7.15 8.16 7.16 8.17 10-18 8.8 9.19 10.20 10.20 1l.21 12.22
No. 200% 3-7 3-7 37 3-7 3-7 37 37 3-7 3-7 b9 b9 b9
All High-pressure Tire and Ter-rubber Surface Courses
Gredation 10 Oredation 11
. 1) c_ s b ¢ _

l.in. 100 ——a ave . — —
3/4-4n, 84.97 ——- .- 100 -ee 7
1/2-4n. 74.88 aee e B82.96 ... o0
3/8-1n. 68.-82 ——- mee 7590 -e- oo
No. b 5k-67 aee e 60.73 oo o0
Mo. 10 38-51 [, e 4357 ... o
¥o. 20 26-39  --- cee 2943 .ee e
No. kO 17-30 .na = 19-33 oo e
No. 80 9-19 - ee= 10-20 e cee
No. 200* 3-6 - .- 3.6 ae- SO

[after U. S. Army (25)]
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7. Summary of Criteria for Selecting Stabilizing Agents

Criteria have been presented which represent wide ranges of opinion as
to the types of soils that can be stabilized by certain stabilizers. Most
published information gives reference to soils classified either by the AASHO
or Unified Soil Classification Systems; however, the authors feel that a more
appropriate separation of soils for stabilization can be made utilizing
Atterberg limits and gradation. It should be remembered that both Atterberg
limits and gradation are relatively easy to determine in the laboratory and
both are necessary inputs for the AASHO and Unified Soil Classification
Systems.,

Criteria selected for utilization in this index system are based on the
recommendations cited previously and by personal conversation with representa-
tives of the University of Washington, Washington State University, University
of Idaho, University of California, Oregon Highway Department, United States
Forest Service, Chevron Asphalt Company, Asphalt Institute, Portland Cement
Association, National Lime Association and private consultdnts. It should be
recognized that unaminous agreement was not possible on the selection of
these criteria. The criteria sclected are as follows:

I. Expedient construction

A. Subgrade
1., Lime stabilization
Minimum plasticity index of 10
2. Cement stabilization
Maximum plasticity index of 30
3. Bituminous stabilization

a. Maximum plasticity index of 10
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b. Maximum of 25 percent passing No. 200 sieve
4, Lime-Cement stabilization
a. Minimum soil plasticity index of 10
b. Minimum of 25 percent passing No. 200 sieve
c. Reduce plasticity index of soil to less than
30 with lime prior to the addition of cement

5. Lime-Bituminous stabilization

a. Minimum soil plasticity index of 10
b. Minimum of 25 percent passing No. 200 sieve

c. Reduce plasticity index of soil to less than
10 withlime priocr to the addition of the bitumen
B. Base course
1. Lime stabilization
Minimum plasticity index of 10
2, Cement stabilization
Maximum plasticity index of 30
3. Bituminous stabilization
a. Maximum plasticity index of 6
b. Maximum of 25 percent passing No. 200 sieve
c. Product of plasticity index and percent passing
No. 200 sieve less than or equal to 72
4. Lime-Cement stabilization
a. Minimum soil plasticity index of 10
b. Minimum of 25 percent passing No. 200 sieve
c. Reduce plasticity index of soil to less than
30 with lime prior to the addition of cement
5. Lime-Bituminous stabilization
a, Minimum soil plasticity index of 10
b. Minimum of 25 percent passing No. 200 sieve
c. Reduce plasticity index of soil to less than
6 with lime prior to the addition of bitumen
II. Nonexpedient construction
A, Subgrade
1. Lime stabilization

35



Minimum plasticity of index of 10
Cement stabilization

Maximum plasticity index of 30
Bituminous stabilization

a, Maximum plasticity index of 10
b. Maximum of 25 percent passing No. 200 sieve

Lime-Cement stabilization

a., Minimum soil plasticity index of 10

b. Minimum of 25 percent passing No. 200 sieve

¢. Reduce plasticity index of soil to less than
30 with lime prior to the addition of cement

Lime-Bituminous stabilization

a. Minimum soil plasticity index of 10
b, Minimum of 25 percent passing No. 200 sieve
¢. Reduce plasticity index of soil to less than
10 withlime prior to the addition of the bitumen

Base course

1-

Lime stabilization
Minimum plasticity index of 10
Cement stabilization
Maximum plasticity index of 30
Bituminous stabilization
a., Maximum plasticity index of 6
b. Maximum of 25 percent passing No. 200 sieve
c. Product of plasticity index and percent passing
No. 200 sieve less than or equal to 60
Lime-Cement stabilization
a. Minimum soil plasticity index of 10
b. Minimum of 25 percent passing No. 200 sieve
c. Reduce plasticity index of soil to less than
30 with lime prior to the addition of cement
Lime~Bituminous stabilization

a. Minimum soil plasticity index of 10
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b. Minimum of 25 percent passing No. 200 sieve
¢. Reduce plasticity index of soil to less than
6 with lime prior to the addition of bitumen
Adoption of the above criteria allows the development of Figures 5, 6, 7
and 8 which serve as the intitial breakdown of the soils into groups with
which soil stabilizers can be associated. Because of the relative simplicity
of the tests involved, the system can be used with minor alterations for
both expedient and nonexpedient construction operations. As noted on
Figures 5 and 6, slightly différent criteria are used for base and subgrade
fstabili?ation for the reasons cited previously.
The engineer should be aware of certain environmental conditions and
construction limitations that restrict the use of the stabilizers. Listings

of these conditions in the form of precautions for lime, cement and bituminous

stabilization are given in Tables 14, 15 and 16, respectively.
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TABLE 14

ENVTRONMENTAL AND CONSTRUCTION PRECAUTIONS

FOR LIME STABILIZATION

Item

Location of Stabilized Laver

II

ITI

1Y

Expedient Subgrades
A. Environmental - If the soil temperature is less than 40°F and is
not expected to increase for one month, chemical reactions will not
occur rapidly, and the strength gain of the lime-soil mixture will
be minimal. If these environmental conditions are expected the lime
mav act as a soil modifier.
B. No construction precautions necessary.

Expedient Base Courses
A. Environmental - If the soil temperature is less than 60 to 70°F
and 1s not expected to increase for nne month, chemical reactions
will not occur rapidly, and the strength gain of the lime-soil mix-
ture will be minimal. If these environmental conditions are ex-
pected an alternative stabilizer should be investigated for possible
use.
B. Construction - If heavy vehicles are allowed on the lime
stabilized soils prior to a 10 to 14 dav curing period, certain
pavement damage can be expected.

Nonexpedient Subgrades
A. Environmental - If the soil temperature is less than 60 to 70°F
and is not expected to increase for one month, chemical reactions
will not occur rapidly, and the strength gain of the lime-soil mix-
ture will he minimal. T1f these environmental conditions are ex-
pected the lime may act as a soil modifier.
Lime-soil mixtures should be scheduled for construction such that
sufficient durability will be gained to resist any freeze-thaw
cycles expected.
B. Construction - If heavy vehicles are allowed on the lime
stabilized soils prior to a 10 to 14 dav curing period, certain
pavement damage can he expected.

Nonexpedient Base Courses
A. Environmental - If the snil temperature is less than 60 to 70°F
and Js not expected to Increase for one month, chemical reactions
will not occur rapidly, and the strength gain of the lime-soil mix-
ture will be minimal. If these environmental conditions are ex-
pected the lime may bhe expected to act as a soil modifier,
Lime-soil mixtures should he scheduled for construction such that
sufficient durabilitv will he gained to resist anv freeze~thaw
cycles expected.
B. Construction - If heavy vehicles are allowed on the lime
stabilized soils prior to a 10 to 14 dav curing period, certain
pavement damage can be expected.
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TABLE 15
ENVIRONMENTAL AND CONSTRUCTION PRECAUTIONS

FOR CEMENT STABILIZATION

Item

Location of Stabilized Layer

II

I11

v

Expedient Subgrades
A. Environmental - If the soil temperature is less than 40°F and is
not expected to increase for one month, chemical reactions will not
occur rapidly, and strength gain of the cement-soil mixture will be
minimal. If these environmental conditions are expected the cement
may act as a soll modifier.
B. Construction ~ If heavy vehicles are allowed on the cement
stabilized soils prior to a 10 to 14 day curing period, certain
pavement damage can be expected.
Construction during periods of heavy rainfall should be avoided.
Compaction of cement stabilized soil should be completed within 5
to 6 hours after spreading and mixing.

Expedient Base Courses
A. Environmental - If the soll temperature is less than 60 to 70°F
and 1s not expected to increase for one month, chemical reactions
will not occur rapidly, and strength gain of the cement-soil mix-
ture will be minimal. If these environmental conditions are ex-
pected, an alternative stabilizer should be investigated for pos-
sible use.
B. Construction - If heavy vehicles are allowed on the cement
stabilized soils prior to a 10 to 14 day curing period, certain
pavement damage can be expected.

Nonexpedient Subgrades
A. Environmental - If the soil temperature is less than 60 to 70°F
and is not expected to increase for one month, chemical reactions
will not occur rapidly, and strength gain of the cement-soil mix-
ture will be minimal. 1If these environmental conditions are ex-
pected the cement may act as a soil modifier.
Cement-soil mixtures should be scheduled for construction such
that sufficient durability will be gained to resist any freeze-thaw
cycles expected.
B. Construction - If heavy vehicles are allowed on the cement
stabilized soils prior to a 10 to 14 day curing period, certain
pavement damage can be expected.

Nonexpedient Base Courses
A. Environmental - If the soil temperature is less than 60 to 70°F
and is not expected to increase for one month, chemical reactions
will not occur rapidly, and strength gain of the cement-sofl mix-
ture will be minimal. If these environmental conditions are ex-
pected the cement may be expected to act as a soil modifier.
Cement--80il mixtures should be scheduled for construction such that
sufficient durability will be gained to resist any freeze-thaw
cycles expected.
B. Construction - If heavy vehicles are allowed on the cement
stabilized soils prior to a 10 to 14 day curing period, certain
pavement damage can be expected.
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TABLE 16
ENVIRONMENTAL AND CONSTRUCTION PRECAUTIONS

FOR BITUMINOUS STABILIZATION

Condition I Precautions

Environmental When asphalt cements are used for bituminous stabilization,
proper compaction must be obtained. If thin 1lifts of
asphalt concrete are being placed, the air temperature
should be 40°F and rising, and compaction equipment should
be used immediately after lay down operation. Adequate
compaction can be obtained at freezing temperatures if
thick 1lifts are utilized.

When cutbacks and emulsions are utilized, the air temperature
and soil temperature should be above freezing.

Bituminous materials should completely coat the soil
particles before rainfall stops construction.

Construction Central batch plants, together with other specialized
equipnent, are necessary for bituminous stabilization with
asphalt cements.

Hot drv weather is preferred for all types of bituminous
stabilization.

(Note: These requirements are applicable to base courses and subgrades
for both expedient and nonexpedient operations.)
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SECTION IV
DESIGN SUBSYSTEM FOR BITUMINOUS STABILIZATION

1. Introduction

The majority of bituminous stabilization construction is performed with
asphalt cements, cutback asphalts, and emulsified asphalts. Road tars have
been used, but it is felt that sufficient quantities have not been utilized
to warrant theilr inclusion in this index system. Soils which lend themselves
to stabilization with the above mentioned bituminous materials have been
defined in Section III of this report. In order to complete a design sub-
system for bituminous stabilization, criteria must be included to allow for
the following:

a. selection of the type of bitumen

b. selection of the quantity of bitumen

c. method of evaluating the bitumen-soil mixture

This section of the report will summarize criteria recommended by
various agencies and will select what is believed to be the best criteria

for use in the bituminous stabilization subsystem,

2. Selection of the Type of Bitumen

An indication of the type of bitumen to use for certain types of soils
has been suggested by the Asphalt Institute (16) , Herrin (17) , the Navy (22),
the Air Force (30) and Chevron Asphalt Company (20). The Asphalt Institute (16)

suggestions are shown in Table 17 while the recommendations of Herrin (17),
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TABLE 17

SUITABLE TYPES OF BITUMEN FOR STABILIZATION

Type of Soils

Cutback Asphalts

Emulsions

Open-graded aggregate

RC-250, RC-800

MS-2

Well-graded aggregate
with little or no fine
aggregate and material
passing the No. 200
sieve

RC-250, RC-800
MC-250, MC-800
SC-250, SC-800

MS-2
SM-K
SS-1, $S-K

Aggregate containing
a considerable per-
centage of fine agg-
. regate and material
passing the No. 200
sieve

MC-250, MC-800
§C-250, SC-800

$S-1, SS-1h
SS-K, SS-Kh
MS-2
CM-K

[after the Asphalt Institute (16)]
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which are similar, are shown in Table 18,

The Navy's (22) method to select emulsions and cutback asphalts is
shown in Table 19 and Figure 9, respectively. The selection of the particular
type of emulsion is based on the percent of the soil passing the No. 200 sieve
and the relative water content of the soil, while the selection of the partic-
ular type of cutback asphalt is based on the percent passing the No. 200 sieve
and the ambient temperature of the soil. The basis of selection between these
two general kinds of asphalt depends on which kind is more readily available
for a particular job. Air Force (30) recommendations are very general in
nature and indicate the MC-70, MC-250, MC-800, RC-70, RC-250, RC-800 cutbacks
and SS-1 emulsions are normally used. Soils which possess some fines or
natural binders and are well graded can be stabilized with medium curing
cutbacks; however, the rapid curing cutbacks are preferred.

Chevron Asphalt Company (20) recommends emulsions that conform to the
specifications shown in Table 20. The selection of either a cationic or
anionic emulsion should be based on the type of aggregate that is used.
Mertens and Wright (31) have developed a method by which an aggregate can be
classified (Figure 10) to indicate its probable surface charge and to determine
the type of emulsion (anionic or cationic) that is more suitable for the
particular type of aggregate (Figure 11). In general, Chevron recommends SS
and CM type emulsions with damp or wet aggregate mixes.

The use of asphalt cement stabilization is widespread in the highway
departments in the United States. Seventy-one percent of all bituminous
bound base courses placed by the state highway agencies in 1968 were made with
asphalt cement and mixed in a hot plant (13) . In addition, several cities and
counties are using this type of stabilization. It is therefore important that
its advantages be fully explored by the Air Force.
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TABLE 18

SUITABLE TYPES OF BITUMINOUS MATERIALS

Sand-Bitumen

Soil-Bitumen

Crushed Stones
and

Sand-Gravel~-Bitumen

Hot Mix:

(a)
AC- 85-100
120-150

(b)
85-100
100-120
120-150
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